A probabilistic model was used to compare cryoprecipitate to viral inactivated, commercial fibrinogen concentrate to evaluate with regard to the recipient's risk of exposure to an emergent AIDS-like epidemic. In patients who occasionally need a therapeutic dose of fibrinogen, commercial fibrinogen would be marginally safer than cryoprecipitate if the new pathogen were sensitive to inactivation. But there is a potential high risk of exposure if the emerging agent withstands inactivation. In most of the analyzed scenarios, cryoprecipitate is safer than commercial fibrinogen as long as the odds that the new agent is sensitive to inactivation are lower than 1.000 to 1.
Mathematical models show that multiple independent infusions of plasma products, as in the case of patients with congenital coagulation factor deficiency, raises the lifetime risk of exposure to nearly 100%, even when pools are made from only a few donors each. 3 This has led some authors to discourage the use of cryoprecipitate in patients with mild hemophilia, 5 von Willebrand disease 6 or congenital afibrinogenemia, 7 and to rely instead on viral inactivated, commercial factor concentrates. At present, however, most cryoprecipitate is used as a therapeutic supply of fibrinogen in patients with hemorrhage and acquired fibrinogen deficiency because of DIC, transient hyperfibrinolysis, massive transfusion or severe liver failure. In most such patients, transfusion of cryoprecipitate is a once-in-alifetime event, so that the criterion for choosing between cryoprecipitate and commercial fibrinogen must be different from that applied to chronic transfusion. To help decide which product should be used in these patients, we compared cryoprecipitate to commercial fibrinogen to evaluate and quantify exposure to a hypothetical, emerging transfusion transmitted agent.
Design and Methods
We modeled a 15-year period over which hypothetical cohorts of 10,000 patients per year who require a single dose of fibrinogen are given either a 2-gram infusion of commercial fibrinogen or a 10-unit pool of cryoprecipitate. In the reference-case, we assumed that each lot of commercial fibrinogen is made up of 30,000 plasma donors (range 1,000-75,000 in sensitivity analyses) and provides 2,000 therapeutic doses (range 67-5,000).
A hypothetical scenario involving an emerging, AIDS-like epidemic was simulated. The likelihood of collecting an infectious plasma donation was modeled according to the estimates by Busch et al. 8 for the San Francisco area in the late 1970's and early 1980's with two modifications: annual risk figures were reduced by 100-fold to make them comparable to the incidence rates that were observed in most western countries, and time was compressed so that the whole epidemic unfolds over a 5-year period. The probability of such an AIDS-like epidemic arising anytime over the next 15 years was assumed to range between 0.0001 and 0.1 per annum (Figure 1) .
The probability that a lot of commercial fibrinogen or a pool of cryoprecipitate harbored at least one infectious donation was pL = 1 -(1 -p) n , where p is the risk of collecting an infectious donation and n is the number of different donors included in the lot or pool. The number of contaminated lots or pools in any year over the 15-year period was modeled by extracting random integers from a binomial distribution, B(nL,pL), where nL is the number of different lots of commercial fibrinogen or pools of cryoprecipitate used each year. As the demand for commercial fibrinogen was fixed at 10,000 doses per year, the smaller the lot size, the greater the number of different lots that needed to be manufactured each year. The model was run on Excel spreadsheets and the @Risk add-in (www.palisade.com) was used to generate the random variates. Results were the mean of 10 simulations with 10,000 iterations each.
Results and Discussion
In the reference-case, and assuming that the emergent pathogen is sensitive to inactivation, 2.4 out of 150,000 patients transfused with cryoprecipitate are exposed to the new agent. If the new agent is assumed to withstand inactivation, the magnitude of exposure is nearly 1,000-fold higher in patients infused with commercial fibrinogen than in those transfused with cryoprecipitate (Table  1) . This difference is maintained over the whole range of probabilities of emergence of the new agent (data not shown). Figure 2 shows the magnitude of exposure according to the size of the plasma pool from which commercial fibrinogen is made. Under the assumption that the new infectious agent withstands inactivation, the number of patients exposed though commercial fibrinogen increases steeply by one order of magnitude as the size of the plasma pool grows from 1,000 to about 15,000 donors, and continues to rise more steadily thereafter. In response to raised concerns about the large pool sizes involved in the manufacture of commercial factor concentrates, major plasma fractionators have voluntarily committed to limit pool size to 60,000 donors. 4 The above results, however, show that this measure will have little effect on the magnitude of exposure to emerging pathogens that withstand inactivation unless the pool size is decreased to below 15,000 donors, a degree of reduction that is probably unrealistic given the economic constraints. Indeed, the main reason for large fractionation pools is to reduce production costs by exploiting economies of scale and scope during the manufacture of plasma derivatives. Consequently, smaller pools would translate into a reduced supply and higher selling prices not only for commercial fibrinogen but also for other plasma-derived medicinal products.
A critical factor which must be taken into account when evaluating the relative protection provided by commercial fibrinogen or cryoprecipitate is the likelihood that the new agent is sensitive to viral inactivation. Sensitivity to inactivation would make commercial fibrinogen safe, but not cryoprecipitate. We can, therefore, calculate the threshold odds for the new agent to be inactivated that could make commercial fibrinogen equivalent to cryoprecipitate as far as the number of exposed patients is concerned. Such threshold odds can be represented by the quotient of the proportion of patients that would be exposed through commercial fibrinogen if the new pathogen withstood inactivation to the proportion of patients exposed though cryoprecipitate if the pathogen were sensitive to inactivation. Figure 3 shows the threshold odds for several assumptions on the annual risk of emergence of the new agent and the size of the plasma pool from which commercial fibrinogen is made. For instance, for a plasma pool of 50,000 donors and an annual risk of emergence of 0.01, the estimated value for the threshold odds is 1,120 to 1 (asterisk). This means that commercial fibrinogen is a safer choice than cryoprecipitate only if we assume that the odds for the new pathogen to be sensitive to inactivation are 1,120 to 1 or higher. There is little evidence to support this assumption. The genera enterovirus, parvovirus, circovirus and polyomavirus, all of which have been identified as potential threats to the safety of the blood supply, are very resistant to the current inactivation procedures.
9 Emerging retroviruses are also of great concern to the safety of the blood supply.
10 Though retroviruses bear lipid envelopes and are therefore sensitive to physicochemical inactivation, an emerging agent for which, for the moment, there is no laboratory screening assay, might reach a concentration in donor plasma so high as to overcome the capacity of the inactivation procedures. For instance, plasma levels as high as 10 9 RNA copies/mL have been found in experimental infections with a chimeric simian-human immunodeficiency virus.
11 Also, prions, which are the paradigm of a previously unknown infectious agent, cannot be routinely screened in donors and are insensitive to the inactivation procedures currently used in the manufacture of plasma derivatives.
It should be noted that we analyzed risk of exposure rather than risk of infection. The latter depends on other variables in addition to exposure, such as the infectiveness of the agent, its quantity in the final product, whether it is inactivated or attenuated during manufacturing, and the susceptibility of the recipient population.
3 Since all these variables are specific for the agent in question, and the present analysis deals with a hypothetical, unknown emerging pathogen, we made no attempt to further characterize risk of infection once the agent is assumed to withstand the inactivation process. Anyway, risk of infection would always be less than risk of exposure.
Instead of using the more traditional model that represents an already established blood-borne infection, 3,5 we modeled an AIDS-like epidemic that may or may not unfold anytime over the coming years. This modeling approach allows any external knowledge on the risk of emergence of a new pathogen to be incorporated into the decision-making in addition to the best guess on the likelihood that it withstands inactivation. For instance, under the belief that risk of emergence is high, the main factor in deciding between cryoprecipitate and commercial fibrinogen is the estimated likelihood that the emerging agent will be sensitive to inactivation. In contrast to what is commonly thought, our results show that cryoprecipitate would be the safer alternative unless this likelihood was almost certain.
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| 848 | haematologica/the hematology journal | 2007; 92(06) Figure 3 . Threshold odds for the new agent's sensitivity to inactivation that makes the number of patients exposed though commercial fibrinogen concentrate equal to the number exposed through cryoprecipitate. 
